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AGGRESSIVE REHANDSHAKES ON
UNKNOWN SESSION IDENTIFIERS FOR
SPLIT SSL

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application, titled “Proxy SSL Handoff Via Mid-Stream
Renegotiation,” Ser. No. 61/315,857 filed on Mar. 19, 2010,
the benefit of which is hereby claimed under 35 U.S.C. §119
(e), and which is further incorporated herein by reference.

TECHNICAL FIELD

The present invention relates generally to managing net-
work communications, and more particularly, but not exclu-
sively, to requesting a renegotiation of an encrypted session
between a client device and a server device by a network
device interposed between the client and server devices when
an identifier for the encrypted session is unknown by the
interposed network device.

TECHNICAL BACKGROUND

An increasing number of applications within an enterprise
are provided over Hypertext Transfer Protocol (HTTP). Many
of these applications provide secure communications
between a client device and a hosted website. These applica-
tions include intranet portals, Webmail, front-office applica-
tions, back-office applications, and the like. Many of these
applications may also be accessed from a branch office either
through a Virtual Private Network (VPN) tunnel, directly over
the public Internet, or the like. These applications may be
available on a server device inside a head office, for example.
The head office and branch office include networks of com-
puting devices secured behind security perimeters, such as
behind firewalls, or the like.

A traditional method of providing secure communications
between the client device and the server device employs a
web browser and a website to establish an encrypted session.
Encrypted sessions may be implemented using a variety of
secure communication protocols, including Secure Sockets
Layer (SSL) protocol, Transport Layer Security (TLS) pro-
tocol, or the like. Managing such an encrypted session may be
difficult at times, especially where the server device may not
have information needed by the client device, the server
device fails, or the server device otherwise needs to be
replaced with a different server device.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments are
described with reference to the following drawings. In the
drawings, like reference numerals refer to like parts through-
out the various figures unless otherwise specified.

For a better understanding of the described embodiments,
reference will be made to the following Detailed Description,
which is to be read in association with the accompanying
drawings, wherein:

FIG. 1 illustrates a functional block diagram illustrating an
environment for practicing various embodiments;

FIG. 2 illustrates one embodiment of a network device that
may be included in a system implementing various embodi-
ments;
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2

FIG. 3 illustrates one embodiment of a server device that
may be included in a system implementing various embodi-
ments;

FIG. 4 illustrates a logical flow diagram generally showing
one embodiment of an overview of a process for replacing an
endpoint in an end-to-end encrypted connection;

FIG. 5 illustrates a logical flow diagram generally showing
one embodiment of a process for generating a session key
associated with an end-to-end encrypted session;

FIG. 6 illustrates a logical flow diagram generally showing
one embodiment of a process for replacing an endpoint in an
end-to-end encrypted connection with a second server device;

FIG. 7 illustrates a logical flow diagram generally showing
one embodiment of a process for enhancing data transmitted
between a client-side traffic management device (TMD) and
a server-side TMD over the encrypted connection;

FIG. 8 illustrates one embodiment of a signal flow diagram
generally usable with the process of FIG. 4;

FIG. 9 illustrates a functional block diagram illustrating an
environment for utilizing a Border Gateway Protocol (BGP)
to route traffic to a client-side traffic management device for
encrypted sessions; and

FIG. 10 illustrates a logical flow diagram showing one
embodiment of a process for requesting a renegotiation of an
encrypted session between a client and a server, when a
session identifier is unknown to an intermediate network
device.

DETAILED DESCRIPTION

In the following detailed description of exemplary embodi-
ments, reference is made to the accompanied drawings,
which form a part hereof, and which show by way of illustra-
tion examples by which the described embodiments may be
practiced. Sufficient detail is provided to enable those skilled
in the art to practice the described embodiments, and it is to be
understood that other embodiments may be utilized, and other
changes may be made, without departing from the spirit or
scope. Furthermore, references to “one embodiment™ are not
required to pertain to the same or singular embodiment,
though they may. The following detailed description is, there-
fore, not to be taken in a limiting sense, and the scope of the
described embodiments is defined only by the appended
claims.

Throughout the specification and claims, the following
terms take the meanings explicitly associated herein, unless
the context clearly dictates otherwise. As used herein, the
term “or” is an inclusive “or” operator, and is equivalent to the
term “and/or,” unless the context clearly dictates otherwise.
The term “based on” is not exclusive and allows for being
based on additional factors not described, unless the context
clearly dictates otherwise. In addition, throughout the speci-
fication, the meaning of “a,” “an,” and “the” include plural
references. The meaning of “in” includes “in” and “on.”

As used herein, application layer refers to layers 5 through
7 of the seven-layer protocol stack as defined by the ISO-OSI
(International Standards Organization-Open Systems Inter-
connection) framework.

The term “network connection” refers to a collection of
links and/or software elements that enable a computing
device to communicate with another computing device over a
network. One such network connection may be a Transmis-
sion Control Protocol (TCP) connection. TCP connections
are virtual connections between two network nodes, and are
typically established through a TCP handshake protocol. The
TCP protocol is described in more detail in Request for Com-
ments (RFC) 793, available from the Internet Engineering



US 9,210,131 B2

3

Task Force (IETF), and is hereby incorporated by reference in
its entirety. A network connection “over” a particular path or
link refers to a network connection that employs the specified
path or link to establish and/or maintain a communication.
The term “node” refers to a network element that typically
interconnects one or more devices, or even networks.

Asused herein, including the claims, the term “SSL” refers
to SSL, TLS, Datagram Transport Layer Security (DTLS)
and all secure communications protocols derived therefrom.
The SSL protocol is described in Netscape Communications
Corp, Secure Sockets Layer (SSL) version 3 (November
1996), and the TLS protocol is derived from SSL, and is
described in Dierks, T., and Allen, C., “The TLS Protocol
Version 1.0,” RFC 2246 (January 1999), available from the
IETF. The DTLS protocol is based on the TLS protocol, and
is described in Rescorla, E., and Modadugu, N., “Datagram
Transport Layer Security,” RFC 4347 (April 2006), available
from the IETF. Each of these documents is incorporated
herein by reference in their entirety. An SSL connection is a
network connection that is secured by cryptographic infor-
mation derived from an SSL protocol. The SSL protocol
operates between an application layer (such as one or more of
OSI layers 5-7) and a transport layer (such as OSI layer 4).
The SSL protocol may provide security for application layer
protocols such as HyperText Transfer Protocol (HTTP),
Lightweight Directory Access Protocol (LDAP), Internet
Messaging Access Protocol (IMAP), or the like. For example,
HTTP over SSL (HTTPS) utilizes the SSL protocol to secure
HTTP data. The SSL protocol may utilize Transport Control
Protocol/Internet Protocol (TCP/IP) on behalf of the applica-
tion layer protocols to transport secure data. The SSL proto-
col may also employ a certificate. In one embodiment, the
certificate is an X.509 certificate, such as those described in
RFC 2459, available from the IETF, which is also incorpo-
rated herein by reference.

As used herein, an SSL session refers to a secure session
over a network between two endpoints, secured using the SSL.
protocol. Although an SSL session is generally described
herein as being established between a client and a server over
anetwork, it should be understood that an SSL. session may be
established between virtually any type of network devices
enabled to employ the SSL protocol. The SSL protocol uses a
series of SSL handshakes (i.e. an SSL handshake protocol) to
initiate an SSL session. An SSL session is associated with a
master secret that results from the SSL handshakes. An SSL
session is further associated with additional secret data that
enables the SSL. session (e.g. pre-master secret, random data
used to generate the pre-master secret, server’s public and
private keys and/or client’s public and private keys). The SSL,
protocol also includes an SSL re-handshake procedure for
renegotiating an SSL session. The renegotiated SSL session
may be associated with the current SSL session or with
another SSL. session. An SSL session may employ one or
more underlying network connections. As used herein, the
term SSL connection refers to such a network connection
employed by an SSL session.

Briefly, SSL supports at least four content types: applica-
tion_data, alert, handshake, and change_cipher_spec. Alert,
handshake, and change_cipher_spec content types are asso-
ciated with messages for managing the SSL. protocol. For
example, an SSL alert is of the alert content type and is used
for signaling, among other things, error conditions. SSL has
provisions for other content types, but these capabilities are
not commonly used.

The SSL handshake protocol includes the exchange and
processing of a series of messages, which may be one of an
alert, handshake, and/or change_cipher_spec content type.
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One or more SSL. handshake messages are encapsulated
within one or more network records of the handshake content
type. The SSL handshake message also includes an associ-
ated SSL handshake type, and one or more data fields.

The SSL handshake protocol typically begins with the
client device sending to the server device, among other things,
randomly generated data within a CLIENT-HELLO message
(e.g. an SSL handshake message with an associated SSL
handshake type of “CLIENT-HELLO”). The server device
responds to the CLIENT-HELLO message with, among other
things, randomly generated data within a SERVER-HELLO
message. Further, the server may provide a server certificate
which the client may use to authenticate the server. Moreover,
in some embodiments the server may request a client certifi-
cate which the server may authenticate in order to validate the
client.

The client device, using the randomly generated data
exchanged in the CLIENT-HELLO and SERVER-HELLO
messages, generates a pre-master secret for an SSL session.
In one embodiment, the client device may also include
another random number in the pre-master secret, one that has
typically not been transmitted over a public network in the
clear. The client device then sends the pre-master secret to the
server device in an SSL handshake message. In one embodi-
ment, the pre-master secret may be encrypted using a public
key associated with the server (obtained from the server’s
SERVER-HELLO message). Typically, the SSL handshake
message that includes the pre-master secret is a CLIENT-
KEY-EXCHANGE handshake message. Each of the client
device and the server device, separately, perform a series of
steps to generate a master secret using the pre-master secret.
This master secret is associated with the SSL session. Then,
separately, each of the client device and the server device use
the master secret to generate connection keys, which may
include, but are not limited to, cipher keys used to encrypt and
decrypt communicated data over the SSL session, and/or
authentication keys used verify messages received over the
SSL session. The client device and the server device may then
use their respective instances of the connection key(s) to
generate and send messages containing encrypted payloads to
each other.

As used herein, including the claims, the term “encrypted
session” refers to a communications session between two
endpoint devices over a network, encrypted in some way so as
to secure the session. Example encrypted sessions include
SSL, TLS, and DTLS sessions. As used herein, the term
“encrypted connection” refers to any network connection
secured by cryptographic information, such as SSL, TLS, and
DTLS connections, although other encrypted connections are
similarly contemplated. An encrypted connection includes
cipher keys used to encrypt and decrypt data communicated
over the encrypted connection, as well as a reference to an
underlying transport protocol interface, such as a TCP inter-
face.

As used herein, the phrase “encrypted session/connection”
refers an encrypted session and/or an encrypted connection.

As used herein, the phrase “end-to-end encrypted session/
connection” refers to an encrypted session and/or connection
between two endpoint devices. In some instances, each end-
point device may know the identity of the other endpoint
device when establishing the encrypted session/connection.

As used herein, the phrase “terminating an encrypted ses-
sion” refers to being one of the two endpoints of an encrypted
session. Similarly, the phrase “terminating an encrypted con-
nection” refers to being one of the two endpoints of an
encrypted connection. The endpoints of an encrypted session
or connection are devices, such as a client device and a server
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device, between which encrypted data may be transmitted.
Examples of a client device and a server device are an SSL
client and an SSL server. As used herein, the phrase
“encrypted session/connection client” refers to a client
device, and the phrase “encrypted session/connection server”
refers to a server device.

As used herein, the phrase “establishing an encrypted ses-
sion” refers to participating in an encrypted session hand-
shake protocol. The phrase “establishing an encrypted con-
nection” refers to generating an encrypted connection
associated with an encrypted session based on the encrypted
session’s session key (also known as the encrypted session’s
master key). In one embodiment, two devices establish the
encrypted session/connection, becoming the endpoints of the
encrypted session/connection. Additional devices also may
optionally participate in establishing the encrypted session/
connection, either in conjunction with one or both of the
endpoints, or without the knowledge of one or both endpoints.
One example of an encrypted session handshake protocol is
an SSL handshake protocol.

As used herein, the phrase “out-of-band” refers to sending
data outside of a current encrypted session/connection, such
as sending the data over a connection distinct from an end-
to-end encrypted session/connection established between a
client device and a server device, operating as endpoints.

As used herein, the phrase “secret data” refers to data that
enables an encrypted session handshake between two
devices. Secret data includes, for example, a master secret and
a pre-master secret as described in RFC 2246, referenced
above. Secret data may also include the random data
employed to generate the pre-master secret, nonces, PKI pri-
vate keys for server and/or client, and the like.

As used herein, the terms server-side TMD and client-side
TMD may refer to TMDs that are distinguished by their
relative positions within a system topology, and/or their
physical locations. For example, as shown in FIG. 1, a client-
side TMD may be closer to a client device physically (e.g.
co-located within branch office 107 with client device(s))
and/or topologically (e.g. requiring relatively fewer network
hops for traffic to reach a client device than a server device).

Throughout this disclosure, when specific message types
are listed, such as “CLIENT-HELLO?”, it is understood that
these are examples used to illustrate a type of message. These
specific messages are but one embodiment, and other similar
messages used to establish and/or maintain an encrypted ses-
sion/connection are similarly contemplated.

The following briefly describes the embodiments of the
invention in order to provide a basic understanding of some
aspects of the invention. This brief description is not intended
as an extensive overview. It is not intended to identify key or
critical elements, or to delineate or otherwise narrow the
scope. Its purpose is merely to present some concepts in a
simplified form as a prelude to the more detailed description
that is presented later.

Briefly described is a mechanism for re-establishing an
encrypted connection, causing an encrypted connection that
had terminated at a client device and a first server device to be
terminated at the client device and a second server device. As
a skilled artisan will appreciate, encrypted sessions such as
SSL sessions, and any encrypted connections associated with
an encrypted session, are designed to secure the identity of
each endpoint for the duration of the session/connection.
Thus, disclosed embodiments that enable an endpoint of an
established encrypted connection to be replaced are here-to-
now unexpected.

As described, a TMD is interposed between the client
device and the first server device. During establishment of an
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end-to-end encrypted session/connection between the client
device and first server device, the interposed TMD accesses
secret data about the encrypted session/connection. Such
information includes, for example a pre-master secret usable
to determine connection keys for encrypting and decrypting
data transmitted across encrypted connections within the end-
to-end encrypted session. By accessing the secret data for the
end-to-end encrypted session/connection, the TMD is able to
read, intercept, augment, delete, delay, prune, compress,
enhance, accelerate, transpose, or otherwise modify data sent
over the encrypted connection.

In some embodiments, the TMD may transmit, to the client
device, a request to renegotiate an end-to-end encrypted con-
nection. The renegotiation request may include, for example,
an SSL HELLO REQUEST message. From the perspective
of'the client device, it appears as though the first server device
has asked the client device to renegotiate the existing
encrypted connection—the client device is typically unaware
that the TMD initiated the renegotiation. In response to the
renegotiation request, the client device may transmit, over the
encrypted connection, a CLIENT HELLO message
addressed to the first server device. In one embodiment, the
TMD may intercept the CLIENT HELLO message, decrypt
it, and redirect it towards the second server device. Subse-
quent messages transmitted by the client device may be simi-
larly redirected towards the second server device. As a result,
from the perspective of the client device, the original
encrypted connection has been re-established with the second
server device. From the perspective of the first server device,
its encrypted connection with the client device may have
ended. From the perspective of the TMD, an existing
encrypted connection between the client device and the first
server device has been replaced with a new encrypted con-
nection between the client device and the second server
device. In one embodiment, the client device is unaware that
it shares an encrypted connection with a different server.
Additionally or alternatively, if one or more client certificates
or server certificates are included in or with the encrypted
session handshake messages, these certificates may be used
by the client and server to authenticate the identity of each
other, thus preserving the trust relationship that would exist if
the TMD had not been inserted between the client and server.

In one embodiment, the TMD discussed above is a server-
side TMD, and the server-side TMD may be used in conjunc-
tion with a client-side TMD to enhance or otherwise modify
data transmitted between one or more client devices and one
or more server devices. In one embodiment, the client-side
TMD may not be interposed directly between a client device
and a server device, making some optimizations difficult. In
this embodiment, the client-side TMD may utilize a Border
Gateway Protocol (BGP) to cause internet routers to route
traffic addressed to the server device through the client-side
TMD, for example, by broadcasting BGP route availability
announcements to announce that the TMD is available to
provide connectivity to certain network addresses (e.g.
address(es) associated with the server device). Inthis way, the
client-side TMD is enabled to become inserted between the
client and server devices and thereby enhance or otherwise
modify data transferred between the client and server devices.

In some embodiments, a TMD may suspend its operations
for decrypting, encrypting, and/or modifying intercepted traf-
fic, either for a certain predetermined period of time or indefi-
nitely. During such time, the TMD will effectively act as a
router, routing but not modifying traffic. Such a suspension
may occur for a variety of reasons. For example, the suspen-
sion may occur when the TMD no longer has the secret data
(e.g. session key) needed to decrypt, encrypt and/or modify
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communications traffic. In some embodiments, the suspen-
sion may occur in response to an instruction received from an
operator of the TMD, from a server device and/or other net-
work device. In some embodiments, the TMD may end the
suspension and resume its operations for decrypting, encrypt-
ing, and/or modifying data once it has acquired the necessary
secret data to decrypt/encrypt the traffic, based on another
instruction received from an operator, server, other network
device, and the like, or based on other criteria.

Further, in some embodiments a TMD interposed between
a client and a server may determine that it is not in possession
of a session identifier for an encrypted session between the
client and the server. In such instances, the TMD may perform
operations to acquire a session identifier. Such operations
may include terminating a session with the client, and then
sending a request to the client to begin a renegotiation of the
session. The TMD may then monitor handshake messages
exchanged between client and server during the renegotiation
of'the encrypted session, and determine the session identifier
for the renegotiated session based on an analysis of informa-
tion in the exchanged messages. Once it has acquired the
session identifier for the renegotiated session and the secret
data associated with the session, the TMD may encrypt,
decrypt and/or modity traffic sent over the session. Examples
of such actions are described herein with regard to FIG. 10.

In one embodiment, a TMD may proxy one or more
encrypted connections between a client device and a plurality
of server devices by switching the server-side endpoint of an
encrypted connection between the plurality of server devices
based on HTTP request type, time of day, access policy infor-
mation, or other criteria. In one embodiment, the TMD may
be located in geographic proximity to the client device, while
in another embodiment the TMD may be located in geo-
graphic proximity to the server device. Additionally or alter-
natively, a TMD may similarly proxy connections between a
server device and a plurality of client devices based on HTTP
request type, time of day, access policy information, or other
criteria.

Iustrative Operating Environment

FIG. 1 shows components of an illustrative environment
100 in which the described embodiments may be practiced.
Not all the components may be required to practice the
described embodiments, and variations in the arrangement
and type of the components may be made without departing
from the spirit or scope of the described embodiments. FIG. 1
illustrates client devices 102-104, client-side TMD 106,
branch office 107, network 108, server-side TMD 110, end-
to-end encrypted session (A), secure tunnel (B) through net-
work 108, private keys 111(1) through 111(»), server devices
112 through 114, authentication server device 115, secret data
116, third party content provider 118, and head office 120.
Server devices 112-114 (server device 113 not shown) and
authentication server device 115 are collectively referred to
herein as server devices 112-115.

Generally, client devices 102-104 may include virtually
any computing device capable of connecting to another com-
puting device and receiving information. Client devices 102-
104 may be located within the branch office 107, but client
devices 102-104 may alternatively be located outside of
branch office 107. Such devices may include personal com-
puters, multiprocessor systems, microprocessor-based or
programmable consumer electronics, network devices, and
the like. Client devices 102-104 may also include portable
devices such as, cellular telephones, smart phones, display
pagers, radio frequency (RF) devices, infrared (IR) devices,
Personal Digital Assistants (PDAs), handheld computers,
wearable computers, tablet computers, integrated devices
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combining one or more of the preceding devices, and the like.
As such, client devices 102-104 may range widely in terms of
capabilities and features.

Client devices 102-104 may further include one or more
client applications that are configured to manage various
actions. Moreover, client devices 102-104 may also include a
web browser application that is configured to enable an end-
user to interact with other devices and applications over net-
work 108.

Network 108 is configured to couple network enabled
devices, such as client devices 102-104, TMDs 106 and 110,
server devices 112-114, authentication server device 115, and
third party content provider 118, with other network enabled
devices. In one embodiment, client device 102 may commu-
nicate with server device 112 through client-side TMD 106,
network 108, and server-side TMD 110. Additionally or alter-
natively, client device 102, client-side TMD 106, server-side
TMD 110, and server device 112 may all be connected
directly to network 108. In one embodiment, network 108
may enable encrypted sessions, such as end-to-end encrypted
session (A), between client devices 102-104 and server
devices 112-115.

Network 108 is enabled to employ any form of computer
readable media for communicating information from one
electronic device to another. In one embodiment, network 108
may include the Internet, and may include local area networks
(LANs), wide area networks (WANSs), direct connections,
such as through a universal serial bus (USB) port, other forms
of computer-readable media, or any combination thereof. On
an interconnected set of LANs, including those based on
differing architectures and protocols, a router may act as a
link between [LANS, to enable messages to be sent from one to
another. Also, communication links within LANs typically
include fiber optics, twisted wire pair, or coaxial cable, while
communication links between networks may utilize analog
telephone lines, full or fractional dedicated digital lines
including T1, T2, T3, and T4, Integrated Services Digital
Networks (ISDNs), Digital Subscriber Lines (DSLs), wire-
less links including satellite links, or other communications
links known to those skilled in the art.

Network 108 may further employ a plurality of wireless
access technologies including, but not limited to, 2nd (2G),
3rd (3G), 4th (4G) generation radio access for cellular sys-
tems, Wireless-LAN, Wireless Router (WR) mesh, and the
like. Access technologies such as 2G, 3G, 4G, and future
access networks may enable wide area coverage for network
devices, such as client devices 102-104, or the like, with
various degrees of mobility. For example, network 108 may
enable a radio connection through a radio network access
such as Global System for Mobil communication (GSM),
General Packet Radio Services (GPRS), Enhanced Data
GSM Environment (EDGE), Wideband Code Division Mul-
tiple Access (WCDMA), and the like.

Furthermore, remote computers and other related elec-
tronic devices could be remotely connected to either LANs or
WANSs via a modem and temporary telephone link, a DSL
modem, a cable modem, a fiber optic modem, an 802.11
(Wi-Fi) receiver, and the like. In essence, network 108
includes any communication method by which information
may travel between one network device and another network
device.

Secure tunnel (B) through network 108 includes any tunnel
for communicating information between network devices.
Typically, secure tunnel (B) is encrypted. As used herein, a
“tunnel” or “tunneled connection” is a network mechanism
that provides for the encapsulation of network packets or
frames at a same or lower layer protocol of the Open Systems
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Interconnection (OSI) network stack. Tunneling may be
employed to take packets or frames from one network system
and place (e.g. encapsulate) them inside frames from another
network system. Examples of tunneling protocols include,
but are not limited to IP tunneling, Layer 2 Tunneling Proto-
col (L2TP), Layer 2 Forwarding (L.2F), VPNs, IP SECurity
(IPSec), Point-to-Point Tunneling Protocol (PPTP), GRE,
MBone, and SSL/TLS. As shown, secure tunnel (B) is created
for secure connections between client-side TMD 106 and
server-side TMD 110 through network 108.

One embodiment of a network device that could be used as
client-side TMD 106 or server-side TMD 110 is described in
more detail below in conjunction with FIG. 2. Briefly, how-
ever, client-side TMD 106 and server-side TMD 110 each
include virtually any network device that manages network
traffic. Such devices include, for example, routers, proxies,
firewalls, load balancers, cache devices, application accelera-
tors, devices that perform network address translation, any
combination of the preceding devices, or the like. Such
devices may be implemented solely in hardware or in hard-
ware and software. For example, such devices may include
some application specific integrated circuits (ASICs) coupled
to one or more microprocessors. The ASICs may be used to
provide a high-speed switch fabric while the microprocessors
may perform higher layer processing of packets.

In one embodiment, server-side TMD 110 is typically
located within head office 120, and as such is considered to be
physically secure and under the direct management of a cen-
tral administrator. Accordingly, sever-side TMD 110 may
also be known as a trusted TMD. Server-side TMD 110 may
control, for example, the flow of data packets delivered to, or
forwarded from, an array of server device devices, such as
server devices 112-115. In one embodiment, messages sent
between the server-side TMD 110 and the server devices
112-115 may be part of a secure channel, such end-to-end
encrypted session (A) formed between one of client devices
102-104 and one of the server devices 112-115. In another
embodiment, server-side TMD 110 may terminate an
encrypted connection on behalf of a server device, and
employ another type of encryption, such as IPSec, to deliver
packets to or forward packets from the server device. Alter-
natively, when the server-side TMD 110 terminates the
encrypted connection on behalf of a server device, delivering
packets to or forwarding packets from the server device may
be performed with no encryption (or “in the clear”).

In one embodiment, client-side TMD 106 typically resides
in branch office 107, physically outside the control of central
administrators, and therefore may be subject to physical tam-
pering. Accordingly, client-side TMD 106 may be known as
an untrusted TMD. In one embodiment, client-side TMD 106
may forward data from a source to a destination. For example,
client-side TMD 106 may forward one or more encrypted
session handshake messages between one of client devices
102-104 and one of server devices 112-115. Alternatively, a
client-side TMD may reside in the head office 120. Alterna-
tively, a client-side TMD may be included with a server-side
TMD in a single device, enabling a single device to provide
the services of both a client-side TMD and a server-side
TMD, based on the types and locations of devices transmit-
ting data through the TMD. Alternatively or additionally, a
TMD may act as both a client-side TMD and a server-side
TMD for a single connection. For example, a TMD may act as
a client-side TMD by routing a request to a server-side TMD
in another office. However, the server-side TMD may re-route
the request to a server device located in geographic proximity
to the “client-side” TMD. In this case, the “client-side” TMD
may connect the client device to the local server device. When
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connecting the client device to a local server device, the TMD
that began as a “client-side” TMD may perform the role of a
“server-side” TMD.

As described in more detail below, client-side TMD 106
may receive secret data 116, typically from server-side TMD
110, that enables it to perform various additional actions on
encrypted connection messages sent between one of client
devices 102-104 and one of server devices 112-115. For
example, client-side TMD 106 may be enabled to read, inter-
cept, augment, delete, prune, compress, delay, enhance, trans-
pose, or otherwise modify data within an encrypted connec-
tion message.

In one embodiment, server device private keys 111 may be
centralized inside of the head office 120, a Federal Informa-
tion Processing Standard (FIPS) boundary, or the like. Server-
side TMD 110 may be enabled to access the private keys 111,
or the like, through a variety of mechanisms.

Server devices 112-115 may include any computing device
capable of communicating packets to another network
device. Each packet may convey a piece of information. A
packet may be sent for handshaking, e.g., to establish a con-
nection or to acknowledge receipt of data. The packet may
include information such as a request, a response, or the like.
Generally, packets received by server devices 112-115 may
be formatted according to TCP/IP, but they could also be
formatted using another protocol, such as SCTP, X.25, Net-
BEUIL, IPX/SPX, token ring, similar IPv4/6 protocols, and the
like. Moreover, the packets may be communicated between
server devices 112-115, server-side TMD 110, and one of
client devices 102-104 employing HTTP, HTTPS, and the
like.

In one embodiment, server devices 112-115 are configured
to operate as a website server. However, server devices 112-
115 are not limited to web server devices, and may also
operate a messaging server, a File Transfer Protocol (FTP)
server, a database server, content server, and the like. Addi-
tionally, each of server devices 112-115 may be configured to
perform a different operation. Thus, for example, server
device 112 may be configured as a messaging server, while
server device 114 is configured as a database server. More-
over, while server devices 112-115 may operate as other than
a website, they may still be enabled to receive an HTTP
communication.

Devices that may operate as server devices 112-115
include personal computers, desktop computers, multipro-
cessor systems, microprocessor-based or programmable con-
sumer electronics, network PCs, server devices, and the like.

As discussed above, secret data 116 typically includes a
pre-master secret and/or a master secret. Secret data 116 may
also include random numbers, e.g. nonces (number used
once). In one embodiment, a client device and a server device
may exchange nonces in their respective HELL.O messages,
for use in generating the session key (also known as the
master key). Additionally or alternatively, secret data 116
may include another nonce (distinct from the nonce’s con-
tained in HELLO messages) generated by the client device
and digitally encrypted by the client device using the public
key of the server device. In one embodiment, secret data 116
is utilized by one or more of the client device, server-side
TMD 110, and the server device to generate a session key.

Third party content provider 118 may optionally be used to
provide content, for example advertisements, to be inserted
by server-side TMD 110 or client-side TMD 106 into an
encrypted connection. However, third party content is not so
limited, and may additionally include content provided by an
affiliated business partner, a corporate I'T department, and the
like.
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It is further noted that terms such as client and server may
refer to functions within a device. As such, virtually any
device may be configured to operate as a client, a server, or
even include both a client and a server function. Furthermore,
where two or more peers are employed, any one of them may
be designated as a client or as a server, and be configured to
confirm to the teachings of the present invention.
Ilustrative Network Device Environment

FIG. 2 shows one embodiment of a network device,
according to one embodiment of the invention. Network
device 200 may include many more or less components than
those shown. The components shown, however, are sufficient
to disclose an illustrative embodiment for practicing the
invention. Network device 200 may represent, for example,
server-side TMD 110 and/or client-side TMD 106 of FIG. 1.

Network device 200 includes processing unit 212, video
display adapter 214, and a mass memory, all in communica-
tion with each other via bus 222. The mass memory generally
includes RAM 216, ROM 232, and one or more permanent
mass storage devices, such as hard disk drive 228, tape drive,
CD-ROM/DVD-ROM drive 226, and/or floppy disk drive.
The mass memory stores operating system 220 for control-
ling the operation of network device 200. Network device 200
also includes encrypted session manager 252, border gateway
protocol (BGP) module 256, and other application 258.

As illustrated in FIG. 2, network device 200 also can com-
municate with the Internet, or some other communications
network via network interface unit 210, which is constructed
for use with various communication protocols including the
TCP/IP protocol. Network interface unit 210 is sometimes
known as a transceiver, transceiving device, or network inter-
face card (NIC).

The mass memory as described above illustrates another
type of computer-readable media, namely computer readable
storage media (devices). Computer readable storage media
(devices) may include volatile, nonvolatile, removable, and
non-removable media implemented in any method or tech-
nology for storage of information, such as computer readable
instructions, data structures, program modules, or other data.
Examples of computer storage media include RAM, ROM,
EEPROM, flash memory or other memory technology, CD-
ROM, digital versatile disks (DVD) or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk storage or
other magnetic storage devices, or any other medium which
can be used to store the desired information and which can be
accessed by a computing device.

The mass memory also stores program code and data. One
or more applications 258 are loaded into mass memory and
run on operating system 220. Examples of application pro-
grams may include email programs, routing programs, sched-
ulers, calendars, database programs, word processing pro-
grams, HTTP programs, traffic management programs,
security programs, and so forth.

Network device 200 may further include applications that
support virtually any secure connection, including TLS,
TTLS, EAP, SSL, IPSec, and the like. Such applications may
include, for example, encrypted session manager 252, and
BGP protocol module 256.

In one embodiment, encrypted session manager 252 may
perform encrypted session processing, including managing
an encrypted session handshake, managing keys, certificates,
authentication, authorization, or the like. Moreover,
encrypted session manager 252 may in one embodiment
establish encrypted sessions and/or connections, terminate
encrypted sessions and/or connections, establish itself as a
man-in-the-middle of an encrypted session and/or connec-
tion, or the like. Moreover, encrypted session manager 252

10

15

20

25

30

35

40

45

50

55

60

65

12

may in one embodiment initiate an encrypted connection
renegotiation for the purpose of replacing the server endpoint
of'the encrypted session with another server endpoint.

Additionally, network device 200 may include applications
that support a variety of tunneling mechanisms, such as VPN,
PPP, L2TP, and so forth.

Network device 200 may also include input/output inter-
face 224 for communicating with external devices, such as a
mouse, keyboard, scanner, or other input devices not shown in
FIG. 2. Likewise, network device 200 may further include
additional mass storage facilities such as CD-ROM/DVD-
ROM drive 226 and hard disk drive 228. Hard disk drive 228
may be utilized to store, among other things, application
programs, databases, certificates, public and private keys,
secret data, and the like.

In one embodiment, the network device 200 includes at
least one Application Specific Integrated Circuit (ASIC) chip
(not shown) coupled to bus 222. The ASIC chip can include
logic that performs some of the actions of network device
200. For example, in one embodiment, the ASIC chip can
perform a number of packet processing functions for incom-
ing and/or outgoing packets. In one embodiment, the ASIC
chip can perform at least a portion of the logic to enable the
operation of encrypted session manager 252 and/or BGP
module 256.

In one embodiment, network device 200 can further
include one or more field-programmable gate arrays (FPGA)
(not shown), instead of, or in addition to, the ASIC chip. A
number of functions of the network device can be performed
by the ASIC chip, the FPGA, by CPU 212 with instructions
stored in memory, or by any combination of the ASIC chip,
FPGA, and CPU.

In one embodiment, some client devices, such as client
device 102, may not be connected to client-side TMD 106
through a LAN or other direct connection. For example, client
device 102 may not be located in a branch office having a
client-side TMD. Additionally or alternatively, client device
102 may be a mobile device. When a client device is not
directly connected to a client-side TMD, the client device
may establish an encrypted session or otherwise transmit data
to one of servers 112-115 without a client-side TMD to inter-
cept and process the data. However, it is often beneficial for a
client-side TMD to intercept and enhance such communica-
tion.

Towards this end, Border Gateway Protocol (BGP) module
256 may, in one embodiment, enable network traffic originat-
ing from one or more client devices to be routed through
client-side TMD 106. In one embodiment, BGP module 256
ensures this routing by broadcasting a BGP protocol message
to routers on the internet, the message indicating that client-
side TMD 106 knows a best route for data addressed to server
devices 112-115. As a result, routers having received the BGP
protocol message typically may route network traffic
addressed to one of server devices 112-115 through client-
side TMD 106. As a result, client devices that are not directly
connected to a client-side TMD may have their connections to
server devices 112-115, including encrypted sessions, routed
through a client-side TMD 106. In this way, client-side TMD
106 is enabled to perform various actions improving the effi-
ciency of the network, for example compressing, accelerat-
ing, or otherwise modifying data.

Ilustrative Server Device Environment

FIG. 3 shows one embodiment of a server device, accord-
ing to one embodiment of the invention. Server device 300
may include many more components than those shown. The
components shown, however, are sufficient to disclose an
illustrative embodiment for practicing the invention. Server
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device 300 may represent, for example, Servers 112-114 and
Authentication Server 115 of FIG. 1.

Server device 300 includes processing unit 312, video dis-
play adapter 314, and a mass memory, all in communication
with each other via bus 322. The mass memory generally
includes RAM 316, ROM 332, and one or more permanent
mass storage devices, such as hard disk drive 328, tape drive,
CD-ROM/DVD-ROM drive 326, and/or floppy disk drive.
The mass memory stores operating system 320 for control-
ling the operation of server device 300. Any general-purpose
operating system may be employed. Basic input/output sys-
tem (“BIOS”) 318 is also provided for controlling the low-
level operation of server device 300. As illustrated in FIG. 3,
server device 300 also can communicate with the Internet, or
some other communications network, via network interface
unit 310, which is constructed for use with various commu-
nication protocols including the TCP/IP protocol. Network
interface unit 310 is sometimes known as a transceiver, trans-
ceiving device, or network interface card (NIC).

The mass memory as described above illustrates another
type of computer-readable media, namely computer readable
storage media (devices). Computer-readable storage media
(devices) may include volatile, nonvolatile, removable, and
non-removable media implemented in any method or tech-
nology for storage of information, such as computer readable
instructions, data structures, program modules, or other data.
Examples of computer readable storage media (devices)
include RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile disks (DVD)
or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or
any other physical medium which can be used to store the
desired information and which can be accessed by a comput-
ing device. Computer-readable storage media (devices) may
also bereferred to as processor-readable storage media and/or
processor-readable storage devices.

One or more applications 350 may be loaded into mass
memory and run on operating system 320. Examples of appli-
cation programs may include transcoders, schedulers, calen-
dars, database programs, word processing programs, HTTP
programs, customizable user interface programs, IPSec
applications, encryption programs, security programs, VPN
programs, web servers, account management, and so forth.
Applications 350 may include encrypted session module 360.
Encrypted session module 360 may establish encrypted ses-
sions and/or connections with other network devices, includ-
ing any of the network devices discussed above. In one
embodiment, encrypted session module 360 may work coop-
eratively with TMD 110 or TMD 106 of FIG. 1. Additionally
or alternatively, encrypted session module 360 may commu-
nicate with other network devices independent of any TMD.

Applications 350 may also include a variety of web ser-
vices that are configured to provide content, including mes-
sages, over a network to another computing device. These
web services include for example, a web server, messaging
server, a File Transfer Protocol (FTP) server, a database
server, a content server, or the like. These web services may
provide the content including messages over the network
using any of a variety of formats, including, but not limited to
WAP, HDML, WML, SMGL, HTML, XML, ¢cHTML,
xHTML, or the like.

Generalized Operation

The operation of certain aspects will now be described with
respectto FIGS. 4-8. FIGS. 4-7 provide logical flow diagrams
illustrating certain aspects, while FIG. 8 provides a signal
flow diagram. FIG. 4 illustrates a logical flow diagram gen-
erally showing one embodiment of a process for replacing an
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endpoint in an end-to-end encrypted connection. In one
embodiment, process 400 may be implemented by server-
side TMD 110.

Process 400 begins, after a start block, at block 402, by a
server-side TMD interposed between a client device and a
first server device. In one embodiment, the server-side TMD
determines a session key associated with an end-to-end
encrypted session between the client device and the first
server device. The determination of the session key is
described in more detail below in conjunction with FIG. 5.

At block 404, the server-side TMD detects a criterion upon
which to replace the first server device as an endpoint in an
end-to-end connection associated with the end-to-end
encrypted session. In one embodiment this detection criteria
may include detecting a type of data requested by the client
device. Additionally or alternatively the criteria may include
a periodic schedule, a system upgrade of the server device, a
request by an administrator, or the like.

At block 406, the server-side TMD replaces the first server
device with a second server device as an endpoint in the
encrypted connection. In one embodiment, the server-side
TMD utilizes a renegotiation of the encrypted connection to
establish the second server device as an endpoint. The
replacement of the server device with the second server
device is described in more detail-below in conjunction with
FIG. 6.

At block 408, the server-side TMD may read, intercept,
delay, augment, delete, prune, compress, enhance, accelerate,
transpose, or otherwise modify data sent over the encrypted
connection. In one embodiment, the server-side TMD may
work in conjunction with a client-side TMD to further
enhance data transmitted over the encrypted connection. The
enhancement of data transmitted over the encrypted connec-
tion is described in more detail below in conjunction with
FIG. 7. The process then terminates at a return block.

FIG. 5 illustrates a logical flow diagram generally showing
one embodiment of a process for generating a session key
associated with an end-to-end encrypted session. In one
embodiment, process 500 may be implemented by server-
side TMD 110.

Process 500 begins, after a start block, at block 502, by
receiving a private key associated with the first server device.
In one embodiment, the first server device may comprise one
of server devices 112-115 illustrated in FIG. 1. In one
embodiment, the private key of the first server device may be
provided by a system administrator. Additionally or alterna-
tively, the private key may be provided by a local domain
controller, LDAP server, or the second network device itself.

At block 504, a first set of handshake messages associated
with an encrypted session are intercepted. In one embodi-
ment, the creation of the encrypted session may be initiated
by a client device, such as one of client devices 102-104. In
one embodiment, the first set of handshake messages includes
a “CLIENT HELLO” message sent by the client device
toward a first server device. After being intercepted and
stored, the “CLIENT HELLO” message may be forwarded on
to the first server. In one embodiment, by storing the inter-
cepted handshake messages such as the “CLIENT HELLO”
message, the server-side TMD is enabled to perform the
actions described herein at any time throughout the lifetime of
the corresponding encrypted session.

In response to the “CLIENT HELLO”, the first server
device may send a “SERVER HELL.O” message, a “SERVER
CERTIFICATE” message enabling the client device to iden-
tify the first server device, a “SERVER KEY EXCHANGE”
message including the first server device’s public key, a
“CERTIFICATE REQUEST” message requesting that the
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client send its certificate enabling the server device to identify
the client device, and a “SERVER HELLO DONE” message,
all of which may be intercepted and stored in a first set of
handshake messages, and forwarded on to the client device.

In response to the “SERVER HELLO DONE” message,
the client device may in one embodiment transmit a “CLI-
ENT KEY EXCHANGE” message, including a random
number (e.g. a nonce) generated by the client device and
encrypted with the first server device’s public key. In one
embodiment, the “CLIENT KEY EXCHANGE” message
may be intercepted, stored in the first set of handshake mes-
sages, and forwarded on to the first server device. Addition-
ally or alternatively, the first set of handshake messages may
include any additional messages exchanged between the cli-
ent device and the first server device while establishing the
encrypted session, for example a “CERTIFICATE” message
containing the client device’s certificate enabling the server
device to identify the client device. In one embodiment, upon
completion of this exchange of handshake messages, the cli-
ent device and the first server device have established an
end-to-end encrypted session.

Processing next continues to block 506, where secret data
is extracted from the intercepted first set of handshake mes-
sages. In one embodiment, the received private key of the first
server device may be used to extract secret data by decrypt the
payload of the “CLIENT KEY EXCHANGE”, including a
random number generated by the client device and encrypted
with the public key of the first server device. Additionally or
alternatively, the server-side TMD extracts the “pre-master
secret.”

Processing next continues to block 508, where in one
embodiment, the decrypted random number is used in com-
bination with one or more other random numbers exchanged
between the client device and the first server device to gen-
erate a session key. In one embodiment, the session key may
be a “master secret”. In one embodiment, the session key is
combined with one or more other random numbers
exchanged during the encrypted session handshake to gener-
ate connection keys. The connection keys may be used to
encrypt and decrypt data transmitted over the encrypted con-
nection.

In one embodiment, the client device and the first server
device also independently calculate the session key based on
the exchanged handshake messages. In one embodiment, the
client device and the first server device also independently
calculate the connection keys. In some embodiments, the
server-side TMD may calculate the session key based on
information in the intercepted handshake messages. Alterna-
tively, instead of independently calculating the session key,
the server-side TMD may receive the session key and/or
connection key(s) from one of the first server, the client,
another network device, or a system administrator.

Regardless of how the connection keys are generated or
obtained, the connection keys enable encrypted data trans-
mitted between the client device and the first server device to
be decrypted. In one embodiment, the server-side TMD may
decrypt the data using the connection keys, and then may
augment, delete, enhance, or otherwise modify the decrypted
data. In one embodiment, the server-side TMD may re-en-
crypt the modified data using the connection keys, and trans-
mit the modified data to the other of the client device and the
first server device. The process then terminates at a return
block.

FIG. 6 illustrates a logical flow diagram generally showing
one embodiment of a process for replacing an endpoint in an
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end-to-end encrypted connection with a second server device.
In one embodiment, process 600 may be implemented by
server-side TMD 110.

Process 600 begins, after a start block, at block 602, where
in one embodiment server-side TMD transmits a renegotia-
tion request to the client device over the end-to-end encrypted
connection. In one embodiment, the server-side TMD trans-
mits the renegotiation request message in response to extract-
ing an HTTP header sent by either the client device or the first
server device, and determining the HTTP header includes a
request for content located on the second server device.
Server-side TMD 110 may direct a request for a resource to a
particular server device based on network traffic, network
topology, capacity of a server device, content requested, and
a host of other traffic distribution mechanisms. Also, sever-
side TMD 110 may recognize packets that are part of the same
communication, flow, and/or stream and may perform special
processing on such packets, such as directing them to the
same server device.

In one embodiment, the server-side TMD requests or oth-
erwise initiates renegotiation by originating and transmitting
an “SSLL HELLO REQUEST” to the client device over the
end-to-end encrypted connection. In one embodiment, the
server-side TMD utilizes encrypted connection renegotiation
to replace the first server device with one or more second
server devices as an endpoint of the end-to-end encrypted
connection. As discussed above, the client (or server) device
may in one embodiment not know that a different server (or
client) device has become the endpoint. In this way, the func-
tion of the server-side TMD may be transparent to the client
(or server) device.

Processing next continues to block 604, where the server-
side TMD intercepts a second set of handshake messages sent
inresponse to the “SSL HELLO REQUEST”. In one embodi-
ment, the second set of handshake messages are encrypted
using connection key and transmitted by the client device
over the end-to-end encrypted connection. In one embodi-
ment the second set of handshake messages are addressed to
the first server device.

Processing next continues to block 606, where the server-
side TMD dec is the second set of handshake message using
the connection key.

Processing next continues to block 608, where the server-
side TMD redirects the decrypted second set of handshake
messages to the second server device, thereby enabling the
second server device to become an endpoint in the end-to-end
encrypted connection. In one embodiment, by directing the
second set of handshake messages to the second server
device, the requests made by the client device over the end-
to-end encrypted connection may be re-distributed by the
server-side TMD to more than one server device. In one
embodiment, the existing connection that had been estab-
lished between the server-side TMD and the first server
device is gracefully terminated by the server-side TMD.
Alternatively, the existing connection between the server-side
TMD and the first server device may be cached, pooled, or
otherwise maintained for future use.

Additionally or alternatively, instead of establishing the
second server device as an endpoint, the server-side TMD
may utilize encrypted connection renegotiation to make itself
an endpoint of the encrypted connection. In this embodiment,
the server-side TMD may act as an encrypted connection
accelerator: receiving encrypted content from the client
device, decrypting the received content, forwarding the
decrypted content to a server device for processing, and
encrypting the server device’s response. In such instances, the
TMD may communicate with the first server device in the
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clear or establish another connection with the first server
device. In another embodiment, the server-side TMD may
generate encrypted content itself, rather than forwarding con-
tent from another server, such as a cached data or generated
data. In another embodiment, a client-side TMD may simi-
larly utilize encrypted connection renegotiation to make itself
an endpoint of the encrypted connection, act as an encrypted
connection accelerator, generate content such as cached data,
and the like. Additionally or alternatively, the server-side
TMD may ignore the ensuing renegotiation between the cli-
ent device and the first server device, such that the server-side
TMD ceases to decrypt and modify content sent over the
end-to-end encrypted connection. Instead, the server-side
TMD may route data sent over the renegotiated encrypted
connection to the first server device as it would any other
network connection. Similarly, in another embodiment, a cli-
ent-side TMD may also utilize encrypted connection renego-
tiation to ignore an ensuing renegotiation, “stepping out” of
the encrypted connection.

Additionally or alternatively, the server-side TMD may
terminate an encrypted connection to a client device and
another encrypted connection to a server device. The server-
side TMD may convert this pair of encrypted connections into
a single end-to-end encrypted connection between the client
device and the server device. In one embodiment, the server-
side TMD may perform such a conversion by utilizing
encrypted connection renegotiation and handshake message
forwarding between the client device and the server device. In
such an embodiment, the TMD may then perform any of the
operations described herein on data transmitted over the end-
to-end encrypted connection.

Processing next continues to block 610, where the private
key ofthe second server device is received by the server-side
TMD. Additionally or alternatively, the server-side TMD may
receive the private key of the second server device before
transmitting the renegotiation request. In one embodiment,
the server-side TMD receives the private key of the second
server device in any of the manners discussed above with
regard to receiving the private key of the first server device.

Processing next continues to block 612, where the private
key of the second server device is used to extract secret data
from the second set of handshake messages. In one embodi-
ment, the server-side TMD extracts secret data from the sec-
ond set of handshake messages in a manner similar to the
extraction of secret data from the first set of handshake mes-
sages, as discussed above with respect to block 506.

Processing next continues to block 614, where the server-
side TMD generates a second session key based at least on the
secret data extracted from the second set of handshake mes-
sages. In one embodiment, the second session key is gener-
ated in a manner similar to the generation of the first session
key, as discussed above with respect to block 508. In one
embodiment, the generated second session key is utilized to
create a second set of connection keys, defining an end-to-end
encrypted connection between the client device and the sec-
ond server device.

Processing next continues to block 616, where a message
sent over the end-to-end encrypted connection of the re-
negotiated end-to-end encrypted session is intercepted and
processed by the server-side TMD. In one embodiment, the
intercepted message is transmitted by the client device and is
addressed to the first server device, as the client device may be
unaware that the second network device is now the other
endpoint of the renegotiated end-to-end encrypted session.
Additionally or alternatively, the second server device may
transmit a message that is intercepted and processed by
server-side TMD. In either case, server-side TMD may per-
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form additional processing, optionally in conjunction with a
client-side TMD and/or third party content provider 118, to
augment, delete, prune, enhance, delay, accelerate, or other-
wise modify the intercepted message. For example, an adver-
tisement or other content may be provided by third party
content provider 118 that may then be embedded in data
transmitted between the second server device and the client
device.

Processing next continues to block 618, where in the
embodiment in which the sever-side TMD intercepts a mes-
sage transmitted by the client device and addressed to the first
server device, the server-side TMD redirects the intercepted
message to the second server device. The process then termi-
nates at a return block

In one embodiment, the process illustrated in FIG. 6
enables an existing end-to-end encrypted connection to be
handed offto a new server device, while from the perspective
of'the client device, the identity of the server is unchanged. In
one embodiment, renegotiation happens within the existing
encrypted session tunnel.

FIG. 7 illustrates a logical flow diagram generally showing
one embodiment of a process for enhancing data transmitted
between a client-side TMD and a server-side TMD over the
encrypted connection. In one embodiment, process 700 may
be implemented by server-side TMD 110.

Process 700 begins, after a start block, at block 702, where
the server-side TMD 110 transmits the second set of connec-
tion keys to a client-side TMD 106. In one embodiment, the
second set of connection keys may be transmitted over the
end-to-end encrypted session. Alternatively, the second set of
connection keys may be transmitted over a separate encrypted
session/connection, such as secure tunnel (B).

Processing next continues to block 704, where the client-
side TMD 106, in one embodiment, intercepts encrypted data
sent from the client device over the end-to-end encrypted
connection. In one embodiment, typically when the client
device is unaware that the second server device is now the
endpoint of the end-to-end encrypted connection, the
encrypted data sent by the client device may be addressed to
the first server device. Additionally or alternatively, when the
client device is aware that the second server device 701 is now
the endpoint of the end-to-end encrypted connection, the
encrypted data sent by the client device may be addressed to
the second server device 701.

Processing next continues to block 706, where the client-
side TMD 106, in one embodiment, decrypts the intercepted
data using the received second set of connection keys.

Processing next continues to block 708, where the client-
side TMD 106, in one embodiment, processes the decrypted
data. In one embodiment, the decrypted data may be aug-
mented, deleted, compressed, accelerated, or otherwise
modified.

Processing next continues to block 710, where the client-
side TMD 106, in one embodiment, re-encrypts the processed
data using the second set of connection keys, and transmits
the re-encrypted processed data towards the second server
device 701. In this embodiment, processing continues at
block 712.

Additionally or alternatively, the client-side TMD 106 may
explicitly be working in conjunction with server-side TMD
110 to transmit data between the client device and the second
server device 701. In this case, the client-side TMD 106 may
transmit the processed data to the server-side TMD 110 using
a separate tunnel, such as secure tunnel (B) through network
108. In this embodiment, the secure tunnel (B) may utilize an
encrypted connection separate and apart from the end-to-end
encrypted connection. In other words, client-side TMD 106
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may communicate with server-side TMD 110 using a sepa-
rate set of connection keys to encrypt the processed data, or
another type of encryption entirely. Upon receiving the data
transmitted through secure tunnel (B), the server-side TMD
110 typically decrypts and performs further processing on the
decrypted data. For example, if the client-side TMD 106
compressed the processed data to reduce transmission time,
the server-side TMD 110 typically may decompress the data,
and optionally perform additional processing as discussed
throughout this disclosure. Then, processing continues at
block 714.

In one embodiment, the client-side TMD 106 and the
server-side TMD 110 may utilize two levels of encryption—
the encryption used for the end-to-end encrypted connection
established between the client device and the second server
device 701, and additionally the encryption used by secure
tunnel (B). This embodiment provides two layers of security
for data transmitted over public networks, such as the inter-
net, enhancing security of the transmitted data.

Processing next continues to block 712, where the server-
side TMD 110 intercepts the processed data sent by the client-
side TMD 106. In one embodiment, the server-side TMD 110
decrypts the intercepted data using the second set of connec-
tion keys.

In one embodiment, server-side TMD 110 performs further
processing on the intercepted and decrypted data. In one
embodiment, server-side TMD 110 augments, deletes,
decompresses, or otherwise modifies the intercepted and
decrypted data.

Processing next continues to block 714, where the server-
side TMD 110 encrypts the further processed data using the
second set of connection keys, and transmits the re-encrypted
data to the second server device 701. In one embodiment,
regardless of whether data was intercepted, decrypted, modi-
fied, re-encrypted, forwarded, or the like, the end-to-end
encrypted connection (e.g. a connection contained in secure
session (A) as shown in FIG. 1) remains intact from the
perspective of the client device and the second server device
701.

Processing next continues to block 716, where the second
server device 701 receives, decrypts, and processes the data
transmitted by the server-side TMD 110. The process then
terminates at a return block

FIG. 8 illustrates a signal flow diagram generally showing
one embodiment of the process of FIGS. 4-6.

Process 800 begins at 802 by the client device transmitting
a“CLIENT HELLO handshake message as discussed above
with respect to block 504. Processing continues to 804, where
the server-side TMD 110 intercepts and forwards handshake
messages as also discussed above with respect to block 504.
Processing continues to 806, where the first server receives
the “CLIENT HELLO” handshake message, among others,
as discussed above with respect to block 504.

Processing continues to 808 and 812, where other hand-
shake messages are exchanged between the client device and
the first server device, as discussed above with respect to
block 504.

Processing continues to 810, where secret data, such as a
random number generated by the client device and encrypted
by the client device with the public key of the first server
device, is extracted from the other handshake messages by the
server-side TMD 110 using the private key of the first server
device, as discussed above with respect to block 508.

Processing optionally continues to 813, where secret data,
such as the secret data generated in 810, is received by client-
side TMD 106. In one embodiment, this secret data may be
used to generate a connection key. Additionally or alterna-
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tively, a connection key may be received by client-side TMD
106. In one embodiment, either the secret data or the connec-
tion key may be transmitted to client-side TMD 106 by
server-side TMD 110. Once client-side TMD 106 has
received or generated the connection key, client-side TMD
106 is enabled to intercept and enhance encrypted data as it is
transmitted over the connection.

Processing continues to 814, where a renegotiation request
is transmitted by the server-side TMD 110 to the client device,
as discussed above with respect to block 602.

Processing continues to 816 and 820, where in response to
receiving the renegotiation request, the client device begins to
exchange a second set of handshake messages, as discussed
above with respect to block 412.

Processing continues to 618, where the server-side TMD
110 intercepts, decrypts, and redirects the second set of hand-
shake messages towards the second server, as discussed
above with respect to blocks 604 and 606.

Processing continues to 822, where the server-side TMD
110 transmits the second set of connection keys to the client-
side TMD 106, as discussed above with regard to FIG. 7.

Processing continues to 824 and 826, where the end-to-end
connection initially established between the client device and
the first server device has been altered as a result of the
requested renegotiation, resulting in the encrypted connec-
tion being re-established between the client device and the
second server device.

Ilustrative Operating Environment for Routing Based on
Border Gateway Protocol (BGP) Broadcasting

FIG. 9 shows components of an illustrative environment
900 in which the Border Gateway Protocol (BGP) may be
utilized to direct traffic from client devices 902, 904, and 906
through client-side traffic management device 910. In one
embodiment, client devices 902, 904, and 906 are geographi-
cally located in a remote region 901, where the client devices
902, 904, and 906 typically are not connected to the Internet
through a client-side TMD. As a result, client devices 902,
904, and 906 may typically transmit data through routers 912,
914, and 916 respectively, communicating directly with the
head office 903 through network 920. This connection is
illustrated as a dotted line between router 912 and network
920.

However, itis often desirable to direct traffic from one or all
of client devices 902, 904, and 906 through a single client-
side traffic management device, such as client-side TMD 910.
For instance, it may not be cost efficient to provision a client-
side TMD for every branch office in the remote region 901,
but it would be cost efficient to provision a single client-side
TMD for some or all branch offices in the remote region 901.
In some embodiments, client-side TMD 910 may be consid-
ered a remote TMD as depicted in FIG. 9, as it may be remote
from head office 903.

In one embodiment, client-side TMD 910 may be config-
ured to broadcast a message using the BGP protocol. In one
embodiment, the client-side TMD 910 may broadcast a BGP
protocol message indicating that it knows the best route to the
head office 903. As such, after this BGP message propagates
to routers 912, 914, and 916, these routers may route requests
by client devices 902, 904, and 906 through network 908 to
client-side TMD 910. Once received by the client-side TMD
910, communication between the client devices and the
server devices may be optimized as discussed above with
respect to FIG. 7.

Example Operations for Session Identifier Determination

As discussed herein, an encrypted session may be associ-
ated with secret data such as a pre-master secret and/or ran-
dom data. A TMD may be interposed between a client and
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server in a system such as that shown in FIG. 1. If the TMD is
in possession of the secret data (e.g. a session identifier) for an
end-to-end encrypted session between the client and server,
the TMD is able to intercept, encrypt and/or decrypt commu-
nications sent between client and server using the encrypted
session. In such circumstances, the TMD is also able to
modify intercepted communications between the client and
server, for example to augment, delete, compress, accelerate,
delay, and/or perform any other modifications to the commu-
nications data. However, the TMD loses the ability to decrypt,
encrypt and/or modify the communications if the TMD loses
the session identifier, or the session identifier is otherwise
unknown to or not in possession of the TMD. In such circum-
stances, it may be beneficial for the TMD to request a rene-
gotiation of the encrypted session to acquire a session iden-
tifier for the encrypted session between client and server.

FIG. 10 illustrates an example process 1000 for determin-
ing a session identifier for an encrypted session by the inter-
posed TMD. This process may be implemented as an appli-
cation, program, software module, or the like that executes
within mass memory of'a device such as TMD 106 and/or 110
of FIG. 1. In some embodiments, such a process may be part
of encrypted session manager 252 of FIG. 2.

Process 1000 begins, after a start block, at block 1002
where a first handshake message sent between a client and a
server may be intercepted. The first handshake message may
be a message to initiate a negotiation of a first encrypted
session between a client and a server, such as between one of
clients 102-104 and one of servers 112-114 shown in FIG. 1.
In some embodiments where the first encrypted session is an
SSL session, the first handshake message may be a CLIENT-
HELLO message sent by a client to a server to initiate the SSL.
handshake protocol as discussed herein.

In some embodiments, the intercepted first handshake
message may then be forwarded toward the server at optional
block 1004. In such cases, the server may respond to the first
handshake message with a response handshake message sent
between the server and the client, and that response hand-
shake message may be intercepted at optional block 1006.
This response handshake message is described in FIG. 10 as
a third handshake message. The response handshake message
may be sent by the server as part of the negotiation of the first
encrypted session between client and server. For example, in
embodiments where the first encrypted session is an SSL
session, the response handshake message sent by the server
may be a SERVER-HELLO message as described herein. By
intercepting the first handshake message from the client and
the response handshake message from the server, the process
may monitor the negotiation of the first encrypted session
between client and server.

Process 1000 then proceeds to block 1008, where a deter-
mination is made whether a first session identifier associated
with the first encrypted session is known or unknown. In some
embodiments, such a determination may be made by analyz-
ing the intercepted first handshake message sent from the
client toward the server (e.g. the CLIENT-HELLO message)
and/or by analyzing the intercepted response handshake mes-
sage sent by the server toward the client (e.g. a SERVER-
HELLO message). Analysis of the handshake message(s)
sent by client and/or server may include an identification of
the message as a handshake message based on a flag or other
data in the message. Analysis may also include subsequently
extracting the session identifier from the message and com-
paring the extracted session identifier to a stored list of known
session identifiers associated with sessions currently being
monitored and/or modified.
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Ifit determined at decision block 1010 that the first session
identifier is known, process 1000 may return. In such case, a
device interposed between client and server (e.g. a TMD) is
able to employ the session identifier and other secret data to
decrypt, encrypt, and/or modify communications data sent
between client and server, as discussed herein. However, if it
is determined that the first session identifier is unknown, a
second handshake message is transmitted toward the client at
block 1012. The second handshake message is transmitted to
complete the first encrypted session between the client and
the interposed device executing process 1000 (e.g. a TMD).
In some embodiments, where the first encrypted session is an
SSL session, the second handshake message may be a
SERVER-HELLO message used to negotiate the first SSL.
session. It should be noted that from the client’s point of view,
it has negotiated an end-to-end encrypted session with the
server. In this way, the interposed device acts as a man-in-the-
middle, taking the place of the server as the endpoint of the
first encrypted session in a way that is transparent to the client.

After establishment of the first encrypted session, a rene-
gotiation request may be transmitted to the client at block
1014. In some embodiments, such a renegotiation request
may be transmitted immediately or within a brief period of
time following the establishment of the first encrypted session
with the client. Such a renegotiation request may trigger,
force or otherwise cause the client to begin a renegotiation of
the encrypted session between the client and the server. At
block 1016, the subsequent session renegotiation between
client and server is monitored. In some embodiments, this
may include intercepting handshake messages exchanged
between the client and the server, in the course of the rene-
gotiation. In some embodiments, where the encrypted session
is an SSL session, the subsequent handshake messages may
include CLIENT-HELLO, SERVER-HELLO, and other
messages used to establish an end-to-end SSI. session
between client and server, as discussed herein.

At block 1018, a second session identifier may be deter-
mined based on the session renegotiation monitored at block
1016 (e.g. the handshake messages intercepted at block
1016). The second session identifier identifies the second
encrypted session that is established between client and
server following the renegotiation, and is different from the
first session identifier. In some embodiments, determination
of'the second session identifier may be based on an extraction
of'the second session identifier from payload and/or header of
one or more network packets that form the intercepted hand-
shake messages. In some embodiments, determination of the
second session identifier may include extracting a session
identifier from a handshake message sent by the client (e.g.
CLIENT-HELLO) and comparing it to a session identifier
extracted from a handshake message sent by the server (e.g.
SERVER-HELLO). If the two session identifiers match, the
extracted session identifier may be determined to be the sec-
ond session identifier that accurately identifies the renegoti-
ated second encrypted session between the client and the
server. In some embodiments, if the two extracted session
identifiers do not match, or the determination of the second
session identifier was otherwise unsuccessful, process 1000
may return to block 1014 and request another renegotiation of
the encrypted session between the client and the server.

At block 1020, traffic sent between the client and the server
over the second encrypted session may be decrypted based at
least in part on the second session identifier. In some embodi-
ments, decryption of the traffic may include calculating one
or more connection keys based on the session identifier and
other secret information, and employing those connection
keys to decrypt the traffic.
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At block 1022, the decrypted traffic may be modified. In
some embodiments, modification may include for example
adding content, deleting content, compressing or decom-
pressing the content, accelerating or delaying the transmis-
sion of the content, or any other type of modification. In some
embodiments, content may be inserted into traffic sent by the
server prior to sending that traffic toward the client. In some
embodiments, the added content may be content that is cre-
ated and/or provided by an operator of the interposed device
executing process 1000 (e.g. a TMD).

In some embodiments, inserted content may include con-
tent created and/or provided by a third party that is distinct
from the user of the client device, the operator of the server,
and/or the operator of the TMD, such as third party content
provider 118 shown in FIG. 1. Third party content may
include advertising, promotional information, virtually any
information that may be of interest to the user, and/or virtually
any information that a third party content provider may want
to be seen by the user.

In some embodiments, insertion of third party content may
be based on an analysis of communications traffic sent
between client and server, such as a client’s request for con-
tent from the server, and the server’s response to the client’s
request. Such analysis may be performed by the interposed
device and/or the third party content provider. For example,
third party content provider may have entered into an agree-
ment with an operator of the interposed device (e.g. TMD) to
insert a javascript advertisement into one or more requested
HTML pages that fit a certain set of criteria. In some embodi-
ments, the third party content may have been retrieved from
the third party content provider prior to receiving the client’s
request, and cached or otherwise stored in memory.

In some embodiments, insertion of third party content may
include the establishment of a new connection (or reuse of an
existing connection) to a third party content provider server
that is separate and independent of the connection to the
client. The connection to the third party content provider
server may be unencrypted, or encrypted using a different
level and/or type of encryption than that of the encrypted
session between the client and the server. Such a connection
may then, be employed to send the client request and/or the
server response to the third party content provider server. The
third party content provider may then determine third party
content to be inserted into the traffic sent to the client, and
provide such content to the interposed device over the con-
nection. The interposed device may then insert the third party
content into the server’s response to the client request and
forward the modified content to the client. Although the pre-
vious description references a single third party content pro-
vider server, the invention is not so limited. Separate content
from multiple third party content providers may be likewise
inserted into the traffic sent to the client, without departing
from the spirit or scope of the invention.

It should be noted that because interception, decryption
and modification of content transmitted over the encrypted
session occurs transparently to the client (e.g. such that the
client is unaware that such modification has taken place), the
inserted third party content appears to the client to have been
included in the server’s response to the client’s request.
Moreover, the insertion of content occurs in a way that is
transparent to the server, such that the server is unaware that
the additional third party content has been inserted into the
content sent to the client.

Following block 1022, process 1000 may return.

It will be understood that figures, and combinations of
steps in the flowchart-like illustrations, can be implemented
by computer program instructions. These program instruc-
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tions may be provided to a processor to produce a machine,
such that the instructions, which execute on the processor,
create means for implementing the actions specified in the
flowchart block or blocks. The computer program instruc-
tions may be executed by a processor to cause a series of
operational steps to be performed by the processor to produce
a computer implemented process such that the instructions,
which execute on the processor to provide steps for imple-
menting the actions specified in the flowchart block or blocks.
These program instructions may be stored on a computer
readable medium or machine readable medium, such as a
non-transitory computer readable storage medium.

Accordingly, the illustrations support combinations of
means for performing the specified actions, combinations of
steps for performing the specified actions and program
instruction means for performing the specified actions. It will
also be understood that each block of the flowchart illustra-
tion, and combinations of blocks in the flowchart illustration,
can be implemented by modules such as special purpose
hardware-based systems which perform the specified actions
or steps, or combinations of special purpose hardware and
computer instructions.

The above specification, examples, and data provide a
complete description of the manufacture and use of the com-
position of the described embodiments. Since many embodi-
ments can be made without departing from the spirit and
scope of this description, the embodiments reside in the
claims hereinafter appended.

What is claimed as new and desired to be protected by
Letters Patent of the United States is:

1. A traffic management device for managing network traf-
fic between a client device and a server device, comprising:

a transceiver to send and receive data over a network; and

a processor processing device that is operative to perform

actions comprising:

determining that the traffic management device is not in
possession of a first session identifier included in an
intercepted first handshake message sent to establish a
first encrypted session between the client device and
the server device;

creating and transmitting toward the client device a sec-
ond handshake message to establish the first
encrypted session between the client device and the
traffic management device instead of between the cli-
ent device and the server device, the first encrypted
session being identified by the first session identifier;

transmitting a session renegotiation request towards the
client device over the first encrypted session, wherein
the session renegotiation request is directed to estab-
lishing a second encrypted session between the client
device and the server device;

monitoring a session renegotiation for establishing the
second encrypted session between the client device
and the server device in response to the session rene-
gotiation request being transmitted from the traffic
management device to the client device;

determining a second session identifier that identifies the
second encrypted session based at least on the moni-
tored session renegotiation between the client device
and the server device, wherein the second session
identifier is different from the first session identifier,
wherein the traffic management device is enabled to
employ the second session identifier in part to decrypt
content sent between the client device and the server
device over the second encrypted session;

employing a third party server device to provide addi-
tional content that is to be subsequently inserted by
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the traffic management device into decrypted content
sent from the server device to the client device,
wherein the additional content is stored by the traffic
management device prior to insertion into decrypted
content; and

employing the traffic management device to determine
when to insert the stored additional content into one or
more pages of the decrypted content based on one or
more criteria.

2. The traffic management device of claim 1, wherein
determining that the traffic management device is not in pos-
session of the first session identifier is based on an analysis of
information in the intercepted first handshake message.

3. The traffic management device of claim 1, wherein the
actions further comprise:

forwarding the first handshake message toward the server

device; and

intercepting a third handshake message sent by the server

device toward the client device in response to the first
handshake message, wherein the third handshake mes-
sage includes the first session identifier, and

wherein determining that the traffic management device is

not in possession of the first session identifier is based on
an analysis of information in the intercepted third hand-
shake message.

4. The traffic management device of claim 1, wherein the
first encrypted session is a first SSL session, and the second
encrypted session is a second SSL session.

5. The traffic management device of claim 1, wherein
determining the second session identifier further includes
intercepting a set of renegotiation handshake messages sent
between the client device and the server device during the
monitored session renegotiation, and determining the second
session identifier based on an analysis of the intercepted set of
renegotiation handshake messages.

6. The traffic management device of claim 1, wherein the
actions further comprise employing the second session iden-
tifier in part to decrypt and modify a communication between
the client device and the server device over the second
encrypted session.

7. A non-transitory processor readable storage medium
that stores instructions to enable actions for managing net-
work traffic between a client device and a server device,
comprising:

determining that a traffic management device is not in

possession of a first session identifier included in an
intercepted first handshake message to establish a first
encrypted session between the client device and the
server device;

creating and transmitting toward the client device a second

handshake message to establish the first encrypted ses-
sion between the client device and the traffic manage-
ment device instead of between the client device and the
server device, the first encrypted session being identified
by the first session identifier;

transmitting a session renegotiation request toward the cli-

ent device over the first encrypted session, wherein the
session renegotiation request is directed to establishing a
second encrypted session between the client device and
the server device;

monitoring a session renegotiation for establishing the sec-

ond encrypted session between the client device and the
server device in response to the session renegotiation
request being transmitted from the traffic management
device to the client device;

determining a second session identifier that identifies the

second encrypted session based at least on the monitored
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session renegotiation between the client device and the
server device, wherein the second session identifier is
different from the first session identifier, wherein the
traffic management device is enabled to employ the sec-
ond session identifier in part to decrypt content sent
between the client device and the server device over the
second encrypted session;

employing a third party server device to provide additional

content that is to be subsequently inserted by the traffic
management device into decrypted content sent from the
server device to the client device, wherein the additional
content is stored by the traffic management device prior
to insertion into decrypted content; and

employing the traffic management device to determine

when to insert the stored additional content into one or
more pages of the decrypted content based on one or
more criteria.

8. The non-transitory processor readable storage medium
of claim 7, wherein the actions further comprise employing
the second session identifier to decrypt and modify commu-
nications traffic between the client device and the server
device over the second encrypted session.

9. The non-transitory processor readable storage medium
of claim 8, wherein the modification of communications traf-
fic includes compression of the communications traffic.

10. The non-transitory processor readable storage medium
of claim 8, wherein the modification of communications traf-
fic includes insertion of content into the communications
traffic.

11. The non-transitory processor readable storage medium
of claim 7, wherein determining that the traffic management
device is not in possession of the first session identifier is
based on an analysis of information in the intercepted first
handshake message.

12. The non-transitory processor readable storage medium
of claim 7, wherein the actions further comprise:

forwarding the first handshake message toward the server

device; and

intercepting a third handshake message sent by the server

device toward the client device in response to the first
handshake message, wherein the third handshake mes-
sage includes the first session identifier; and

wherein determining that the traffic management device is

not in possession of the first session identifier is based on
an analysis of information in the intercepted third hand-
shake message.

13. The non-transitory processor readable storage medium
of claim 7, wherein the first encrypted session is a first SSL.
session, and the second encrypted session is a second SSL.
session.

14. The system for managing network traffic between a
client device and a server device, comprising:

the server device; and

a traffic management device in communication with the

client device and the server device, comprising a pro-

cessing device configured to perform actions including:

determining that the traffic management device is not in
possession of a first session identifier included in an
intercepted first handshake message to establish a first
encrypted session between the client device and the
server device;

creating and transmitting toward the client device a sec-
ond handshake message to establish the first
encrypted session between the client device and the
traffic management device instead of between the cli-
ent device and the server device, the first encrypted
session being identified by the first session identifier;
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transmitting a session renegotiation request toward the
client device over the first encrypted session, wherein
the session renegotiation request is directed to estab-
lishing a second encrypted session between the client
device and the server device;
monitoring a session renegotiation for establishing the
second encrypted session between the client device
and the server device in response to the session rene-
gotiation request being transmitted from the traffic
management device to the client device;
determining a second session identifier that identifies the
second encrypted session based at least on the moni-
tored session renegotiation between the client device
and the server device, wherein the second session
identifier is different from the first session identifier,
wherein the traffic management device is enabled to
employ the second session identifier in part to decrypt
content sent between the client device and the server
device over the second encrypted session;
employing a third party server device to provide addi-
tional content that is to be subsequently inserted by
the traffic management device into decrypted content
sent from the server device to the client device,
wherein the additional content is stored by the traffic
management device prior to insertion into decrypted
content; and
employing the traffic management device to determine
when to insert the stored additional content into one or
more pages of the decrypted content based on one or
more criteria.
15. The system of claim 14, wherein determining that the
traffic management device is not in possession of the first
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session identifier is based on an analysis of information in the
intercepted first handshake message.

16. The system of claim 14, wherein the actions further
comprise:

forwarding the first handshake message toward the server

device; and

intercepting a third handshake message sent by the server

device toward the client device in response to the first
handshake message, wherein the third handshake mes-
sage includes the first session identifier; and

wherein determining that the traffic management device is

not in possession of the first session identifier is based on
an analysis of information in the intercepted third hand-
shake message.

17. The system of claim 14, wherein the actions further
comprise employing the second session identifier to decrypt
and modity communications traffic between the client device
and the server device over the second encrypted session.

18. The system of claim 17, wherein the modification of
communications traffic includes compression of the commu-
nications traffic.

19. The system of claim 17, wherein the modification of
communications traffic includes insertion of third party con-
tent into the communications traffic.

20. The system of claim 14, wherein determining the sec-
ond session identifier further includes intercepting a set of
renegotiation handshake messages sent between the client
device and the server device during the monitored session
renegotiation, and determining the second session identifier
based on an analysis of the intercepted set of renegotiation
handshake messages.



